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Abstract 
The high level of poverty in the developing countries is also manifested through access to energy. Nigeria is faced with an 
extreme lack of access to electrical energy in the midst of abundant natural energy resources. While attention is on hydro sources 
for electricity, energy supply is grossly inadequate and other sources of renewable energy attract very little attention. This study 
is focusing on energy poverty at the level of the households. The objectives of this work are to examine households’ access to 
energy, to measure energy poverty, to demonstrate spatial disparity in energy poverty and to establish a relationship between 
energy poverty and factors of energy access. The study used data published by the National Bureau of Statistics on energy access 
and parameters that may influence consumption of energy. These data are electricity connection to national grid by households 
and the use of clean energy for cooking by the households. Energy poverty is determined on the basis of Energy Development 
Index [EDI] and regression analysis is used to establish a statistical relationship between energy poverty and the possible 
determining factors. The results show high energy poverty for the country and disparity in energy wellbeing between the northern 
and southern states; the former are poorer in terms of energy access. 
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1. Introduction  
The high level of poverty in the developing countries is also manifested through access to energy. The poor 
access to energy in less developed countries, in particular in Sub-Sahara Africa, is ominous. Records show that 585 
million people in Sub-Sahara Africa lack access to electricity while 653 million rely on biomass for cooking [1]. 
Nigeria is faced with an extreme lack of electrical energy in the midst of abundant natural energy resources to 
satisfy the expected need. Although an emphasis is set on generating electricity from hydro resources, the supply is 
grossly inadequate. Other sources of renewable energy attract very little attention. While electricity supply from 
hydro and thermal (gas) sources hovers around 4000 MW, wind energy supply from four stations, one of which is a 
research station add up to 16.7 kw/h [2]. The poor energy supply is against the background of an increasing 
population of the country. Households are an important component of energy consumption. Therefore, the study 
focuses on energy poverty at the level of the households in Nigeria. The objectives of the work are to examine 
households’ access to energy, to measure energy poverty, to demonstrate spatial disparity in energy poverty, to 
establish a relationship between energy poverty as well as factors of energy access and to link energy poverty to 
renewable energy potentials of the country.  
Energy poverty is an indicator of poverty. It means that part of the bundle of products needed to maintain a good 
life is missing. While it may be part of the general deprivation, energy poverty is specific and in the face of the 
enormous opportunities that energy wellbeing offers, energy deprivation undermines this opportunities. The starting 
point of energy wellbeing is access. Energy access is defined as access to modern energy and household access to 
electricity and clean cooking energy [3] and is seen as a ‘pathway out of poverty’ [4]. The consensus is that there is 
a link between wellbeing and consumption of energy and electricity [5].  
The Poor People’s Energy Outlook 2010 indicates three mechanisms in the link between energy access and 
wellbeing; creating new earning opportunities, improving existing earning activities and reducing costs, drudgery 
and releasing time to enable new earning opportunities [6]. When access to energy is affected, energy poverty takes 
hold on the people. Energy poverty is seen by World Economic Forum as ‘the lack of access to sustainable modern 
energy services and products’[5]. It is seen as ‘a situation where the absence of choice of accessing adequate, 
reliable, affordable, and conveniently suitable energy services is found [5]. Determining energy poverty is better 
done through measurement. There are many metrics of energy poverty. These range from single factor based 
measure to multidimensional poverty metrics including production of an overall index that summarizes the 
deprivation that people and communities suffer in the consumption of energy.  Eight metrics of energy poverty have 
been identified [7]. Out of these, four reflect absolute poverty concept. These are Minimum energy consumption 
threshold approach, Income-variant energy demand approach, Multi-dimensional energy poverty index [MEPI] and 
Global energy access. There is also the Energy development index [EDI] of the International Energy Agency. 
Both the MEPI and EDI have received some large applications. Essentially, the MEPI captures the set of energy 
deprivations that may affect a person. It is composed of five dimensions representing basic energy services with six 
indicators; cooking, lighting, services provided by means of household appliances, entertainment/education and 
communication. The emerging index places communities on a scale of 0 to 1. The higher the index, the greater the 
energy poverty [8]. On the other hand, the EDI utilizes two dimensions of energy poverty, each with two indicators. 
These are household access measured by access to electricity and use of clean energy for cooking and community 
access measured by access to energy in public sector and access to energy for productive use. Although, the EDI is 
also measured on a scale of 0 to 1.0, however, the lower the index, the more serious the energy poverty. Energy 
poverty has cross-cutting characteristics manifesting in availability, affordability, adequacy, convenience and 
reliability [3], The need for measurement of energy poverty is premised on ‘improving availability of information 
about the range and impacts of energy access; helping nations to monitor actions they can take to improve energy 
and increasing awareness among countries of policy actions and best practice [9]. 
While these two metrics are popular, a new and more comprehensive energy poverty metric is represented by 
Multi-tier energy access framework. By this approach, energy access is defined as the ability to avail energy that is 
adequate, available when needed, reliable, of good quality, affordable, legal, convenient, healthy and safe, for all 
required energy services across the locales of households, enterprises and communities [10]. The metric was 
introduced in 2013 by Sustainable Energy for All Global tracking framework. It provides a 5-tier system of 
assessment through the energy attributes across the three locales [households, enterprises and communities]. The 
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household locale has three dimensions [household electricity connection, household cooking energy and household 
heating] while the community locale has five dimensions (street lighting, health facility, education facility, 
community buildings and public offices). ‘The index of energy access allows aggregation across geographics, using 
simple weighted averages’ [11]. By this framework, ‘it is widely recognized that energy access is a process that 
undergoes different phases and levels, conceptually organized into various ‘tiers’ of access to and use of electricity 
and modern cooking’[7]. However, as much as the metric offers better alternative to the existing metrics, it has some 
problems which currently undermine its utility [11]. These problems are that the methodology is complex as the tiers 
are seen to be subjective; it requires extensive data collection and there is also the problem of mathematical 
formulation. These are the constraints that make the EDI appealing for using it in this study; in particular, 
considering the data constraint. 
2. Methodology 
The study used data from the Annual Abstract of Statistics, 2012 [12]and the National Demographic and Health 
Survey, 2013 [13]. Two dimensions of energy poverty are examined. These are electricity connection by households 
and the use of clean energy for cooking by the households. In this study, clean energy is defined as electricity and 
gas. Based on this, the energy poverty is determined by the application of the Energy Development Index [EDI] as 
used by the International Energy Agency. The Index rates communities on a scale of 0 to 1. The higher the value, 
the higher the energy wellbeing and, the lower the value, the more serious is the energy poverty. The Index is a 
composite one that synthesises the performance of all the households on the two dimensions that are considered. The 
EDI uses the principles of linear scaling technique (LST). The LST is computed as shown in equation (1) [14]:  
ediൌ ௔௩ି௠௠௠௫ି௠௠  (1) 
Where av is the actual value obtained by a community; mm is the minimum value obtained by any member of the 
community; mx is the maximum value obtainable.  
For the two dimensions of energy poverty used, the maximum value is 100 per cent for electricity connection 
while it is 50 per cent for the use of clean energy for cooking. The 50% maximum value expected from the use of 
clean energy is the level of urbanization in the country. Given the low level of performance in clean energy for 
cooking, it is also seen that a target that places half of the households in clean energy bracket is a good starting 
point. The minimum value used in determining the EDI is the minimum observed performance in the two 
dimensions in each state and the FCT. The data is collected across the state, so the state is the unit of analysis to 
show the spatial differences in energy wellbeing and through this achieve a classification of the states into the 
energy poverty groups. In the same manner, there is comparison with the national average. The EDI across the states 
is related to some possible determining factors. These are regressed against the EDI. The five possible determining 
factors used are, income inequality index, literacy level, poverty level, average household size and internally 
generated revenue by states. Spatial analysis is enhanced by looking at the regional performance of states with 
respect to the six geo-political zones on one hand and the northern and southern regions, on the other. Finally, the 
EDI is compared descriptively with renewable energy potentials of the states. This is to provide a base for a proper 
shift to clean and available energy sources over which states can have control and through this improve access to 
energy and reduce the poverty associated with deficiency in its supply. 
3. 3. Results and Discussion  
Four issues are addressed in this section. These are the nature of energy poverty, spatial differences in energy 
poverty, accounting for energy poverty in Nigeria and comparison of the energy poverty with renewable energy 
resources of the country. 
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3.1. Nature of energy poverty 
Table 1 shows the calculation of EDI (electricity, cooking energy and composite) for the states and the FTC in 
Nigeria. The third and the fourth columns show the proportion of households with electricity connection for lighting 
and proportion of households who use clean energy for cooking. Data in column 3 are from the National 
demographic and health survey, 2013 [2] while data in column 4 are estimated from the 2010 data with the national 
growth rate of 24 % growth rate in clean energy between 2010 and 2013. 
  In respect to electricity for lighting, the Table shows a fair performance across the states. In nine of the 36 
states, connection is above 70 %. The highest level of connection is obtained in Lagos State with 99.3 % of the 
households having access to electricity. On the other hand, the least access is seen in Taraba state with only 10.9 % 
of the households having access to electricity. It is followed by Yobe state with 18.1 % of the households having 
access to electricity. However, the performance of the states with respect to clean energy for cooking is very poor. 
Only Lagos state has about 10 % of its households using clean energy for cooking. 
Table 1: Energy access measures, 2013. 
S/No State  Households using 
electricity for 
lighting %1 
Households using 
clean energy for 
cooking %2 
EDI Electricity EDI cooking 
Energy 
Composite EDI 
(Elect +Coking) 
1 Abia  81.73 1.14 0.795 0.015 0.405 
2 Adamawa  37.6 1.72 0.299 0.027 0.163 
3 Akwa Ibom  68.0 3.05 0.641 0.053 0.347 
4 Anambra  88.1 2.48 0.866 0.042 0.454 
5 Bauchi  29.3 2.29 0.207 0.038 0.123 
6 Bayelsa  52.5 1.14 0.467 0.015 0.241 
7 Benue  22.1 0.95 0.126 0.011 0.069 
8 Borno  33.0 2.29 0.248 0.038 0.143 
9 Cross River  57.4 4.00 0.522 0.073 0.298 
10 Delta  78.3 3.24 0.756 0.058 0.407 
11 Ebonyi  39.2 0.52 0.318 0.003 0.161 
12 Edo  82.4 2.29 0.802 0.038 0.420 
13 Ekiti  81.1 0.76 0.788 0.008 0.398 
14 Enugu  55.4 4.39 0.499 0.081 0.290 
15 Gombe  48.1 0.57 0.418 0.004 0.211 
16 Imo  69.9 1.33 0.662 0.019 0.341 
17 Jigawa  26.0 0.76 0.169 0.008 0.089 
18 Kaduna  53.5 0.52 0.478 0.003 0.241 
19 Kano  52.1 0.57 0.462 0.004 0.233 
20 Katsina  31.3 2.67 0.229 0.046 0.138 
21 Kebbi  44.4 2.09 0.376 0.034 0.205 
22 Kogi  62.9 5.15 0.584 0.096 0.340 
23 Kwara  90.6 1.72 0.895 0.027 0.461 
24 Lagos  99.3 12.01 0.992 0.234 0.613 
25 Nasarawa  33.2 1.91 0.250 0.031 0.141 
26 Niger  51.7 1.33 0.458 0.019 0.239 
27 Ogun  72.0 1.53 0.686 0.023 0.355 
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28 Ondo  66.3 0.76 0.622 0.008 0.315 
29 Osun  89.4 1.53 0.881 0.023 0.452 
30 Oyo  66.6 6.86 0.625 0.131 0.378 
31 Plateau  36.3 1.52 0.285 0.022 0.154 
32 Rivers  65.1 7.05 0.608 0.134 0.371 
33 Sokoto  38.9 0.76 0.314 0.008 0.161 
34 Taraba  10.9 0.57 0.000 0.004 0.002 
35 Yobe  18.1 0.95 0.081 0.011 0.046 
36 Zamfara  29.1 0.38 0.204 0.000 0.102 
37 FCT Abuja  77.7 12.96 0.749 0.254 0.502 
38 National Average 55.6 2.70 0.502 0.046 0.274 
 
In fourteen of the states, less than one per cent of the households use clean energy for cooking. At the national 
level, while 55.6 % of the households use electricity for lighting, 2.70 % of them use clean energy for cooking. The 
overall impact of this pattern of the use of energy is poor energy welfare as shown in Table 1. The highest EDI is 
obtained by Lagos state with an EDI of 0.613. It is followed by the Federal Capital Territory (FCT), Abuja with an 
EDI of 0.501. The classification of the 36 states and FCT in respect to the index shows that only Lagos State and 
FCT are having a fair energy wellbeing. Others are clearly energy poor. It is also possible to identify transitional  
Fig. 1. Classification of States by Energy Development Index for Electricity. 
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energy states, those are states that have an EDI of more than 0.400 while four others have extremely low EDI of less 
than 0.100. 
The general picture emerging from the observed energy poverty is seen in Figures 1 and 2. While Figure 1 shows 
the EDI for electricity, Figure 2 shows the Composite EDI. Figure 1 shows that many states experience electricity 
energy poverty, 11 experience moderate energy wellbeing while five experience high electricity wellbeing. The 
effects of very low energy wellbeing by most states and FCT is seen in Figure 2 where overall, only two states 
(Lagos State and the FCT) experience moderate energy wellbeing while none experiences high energy wellbeing. 
 
 
 
Fig. 2. Classification of States by Composite Energy Development Index. 
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3.2. Spatial differences in energy poverty  
One bad scenario about the existing energy poverty is that there is a clear regional disparity in the distribution. 
The country is divided into six geo-political zones. The EDI performance on the basis of the zones shows that the 
three southern regions, Southwest, Southeast and South-South perform better than the three Northern regions. The 
three Southern regions have combined EDI average of 0.365 as opposed to the North’s 0.177. Again, when these are 
compared to the national average, it is seen that all the Northern geo-political regions have less than the national 
average of 0.274 (North-Central, 0.234; Northwest, 0.167 and Northeast, 0.131). On the other hand, all the three 
geo-regions from the South have EDI above the national average (Southwest, 0.417; Southeast, 0.330 and South-
South, 0.347). On the whole, 16 states and FCT have an EDI above the national average while 19 states have an EDI 
below the national average. The implication of the regional performance is that although the energy wellbeing is 
poor generally, it is worse in the North. 
3.3. Accounting for energy poverty  
An attempt is made to understand the statistical relationship between the observed energy poverty and some 
factors that could influence access to energy. The regression analysis is between the composite EDI (dependent 
variable) and the five causal variables of income inequality index, literacy level, poverty level, average household 
size and internally generated revenue by states (independent variables). The analysis shows the correlation 
coefficient, R, as 81.2 % and the coefficient of determination, R2, as 65.9 %. R is the correlation between the 
observed and predicted values of the dependent variable while the R2 is the proportion of the dependent variable that 
are explained by the independent variables [15]. Hence, the R2 of 65.9 % means that the causal variables explain 
about 66 % of the variations in the composite EDI. The statistical relationship between the composite EDI and the 
possible causal variables is significant at 0.05 % level of confidence. The internally generated revenues, defined as 
revenues generated by the states apart from the allocations from the Federation Account, show partly the capability 
of the state governments to provide energy infrastructure including policy and energy education to encourage 
households to use sustainable energy sources and quantity. The other variables explain the capacity of the 
households to access energy and its services. In particular, household size influences the decision of households to 
use clean energy for cooking since large family size will attract higher energy expenditure which many households, 
faced with competing needs, could not afford. The alternative is the substitution of clean energy with less efficient 
and environmentally unfriendly energy options. For example, it is quite easy for households to harvest fuelwood and 
depend largely on it for cooking. The impact of this on the ecology is also grave.  
3.4. Renewable energy resources and the energy poverty  
The irony of the energy poverty situation in Nigeria is that the North has higher potential for renewable energy 
natural resources. For example, in terms of wind energy, the North has higher potential than the south. The highest 
wind speed at 10 m height is found in Katsina and Sokoto states; each having 7.0 m/s. On the average, only 
Southeast has wind speed of 4 m/s among the southern geo=political zones. On the other hand, the Northwest has an 
average wind speed of 6.29 m/s; the Northeast, 5.17 m/s and North-central, 4.45 m/s at the 10 m height [16]. It has 
also been shown that solar radiation ranges from 3.5 kwh/m2 per day in the South of the country to 7.0 kwh/m2 in 
the Northern part of the country [17]. Similarly, daily sunshine hours range from 4 to 9 hours from the South to the 
North of the country.  
4. Conclusion 
Although there is a fair access to electricity, its limited use by households is seen in the energy for cooking where 
the majority of the households depend on unclean energy and thereby affecting the overall energy wellbeing. 
Limitations to the variables used in measuring energy poverty for the country should also be recognised. Inadequate 
supply of electricity from the national grid means that energy has to be rationed leading to short duration of supply 
to the households daily. In addition, the services derived from electricity connection have not been considered in 
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calculating the EDI. Therefore, when energy services and the duration of electricity supply are taken into account, 
the current measure of energy poverty may be affected. Lagos state and FCT, Abuja provide an exception to the 
country’s energy poverty condition. This may partly reflect their positions as the commercial capital and the 
political capital of the country respectively. Although the Northern states are energy poorer than the Southern states, 
Kwara State from the North has a transitional EDI (0.461) that makes it better than the other Northern states. 
Similarly, Eboyin is a Southern state with very low EDI (0.161). In practical terms, this study demonstrates the need 
for more concrete actions for improved energy supply and use by households. The abundant renewable energy 
resources provide a handy solution since they are available in all parts of the country, they can easily be developed 
at various scales, phases and by all levels of government. These advantages have been seen in the Draft National 
Renewable Energy and Energy Efficiency Policy [18]. The policy seeks to diversify energy sources through 
renewable energy and ensure energy security. Attention is also to be given to energy development from bio-sources 
such as jatropha, neem and ethanol from cassava. Without doubt, the need for improved energy wellbeing will 
require appropriate technology and investments. These can be provided by cross-border cooperation. The National 
Renewable Energy Policy of Nigeria also intends to ‘foster international cooperation in energy trade and projects in 
both the African region and the world at large’. More concrete actions should be taken to achieve this objective. The 
subject of energy poverty offers research possibilities between researchers in African and European institutions. 
Areas of collaboration will include investigating access to clean energy, electricity connection and duration of 
supply, fuelwood harvesting and use as well as impact on the ecosystem, range of energy services enjoyed by 
households and impact of energy on business development. Collaborative research will also be required for cross-
country studies and for further developing the methodology and tools for measuring energy poverty, especially 
among communities at both urban and rural areas. In addition, African researchers will need support in research 
funding in all these possible collaborative areas including opportunities for visiting fellowship in European 
institutions. 
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